Total hip arthroplasty has evolved along with improvements in component materials and design. The radiologist must accurately diagnose associated complications with imaging methods and stay informed about newer complications associated with innovations in surgical technique, prosthetic design, and novel materials. This pictorial essay presents clinical and imaging correlation of modern hip arthroplasty complications, with an emphasis on the most common complications of instability, aseptic loosening, and infection as well as those complications associated with contemporary metal-on-metal arthroplasty. R esum e L'arthroplastie totale de la hanche a progress e, au même rythme que les mat eriaux et que la conception des proth eses utilis ees. Le radiologiste doit s'appuyer sur les m ethodes d'imagerie pour diagnostiquer avec exactitude les complications associ ees etêtre au fait des nouvelles complications d ecoulant des innovations sur le plan des techniques chirurgicales, de la conception des proth eses et des mat eriaux novateurs. Cette revue iconographique met en relation la clinique et l'imagerie propre aux complications contemporaines de l'arthroplastie de la hanche, en portant une attention particuli ere aux complications les plus fr equentes, notamment l'instabilit e, le descellement aseptique et l'infection, ainsi que les complications associ ees aux arthroplasties contemporaines utilisant des proth eses avec couple de frottement m etalm etal.
Total hip arthroplasty (THA) is among the most successful procedures for relieving pain and improving function in the arthritic hip [1] . The reported incidence of complications ranges from 6.5%-7.6 % [2] . Radiologists must be knowledgeable of the diverse imaging appearances of these complications, understand the advantage and limitation of each imaging modality, and provide cost-effective evaluation for postoperative THA. In this article, we will describe metal artifact reduction techniques for computed tomography (CT) and magnetic resonance (MR) imaging and illustrate the imaging appearance of the most common early and late complications after modern THA.
Imaging remains the cornerstone of follow-up for patients with THA. Radiographs are essential for the initial assessment of postoperative complications. Common early postoperative complications, such as hardware dislocation or malposition, and late complications, including heterotopic ossification and periprosthetic fracture, can be demonstrated on plain radiographs. However, sensitivity of radiography for early septic and aseptic loosening and soft-tissue pathology is limited. Joint aspiration and arthrography are useful for evaluating infection and demonstrating sinus tract and communicating periarticular fluid collections. Ultrasound and nuclear medicine imaging provide further complement in evaluating infection and fluid collections.
Beam-hardening artifact in CT and susceptibility artifact in MR imaging have limited the application of these modalities in patients after THA [1] . However, with improved imaging parameters and reduced metal artifacts in CT and MR imaging, both are now capable of depicting many complications that arise from THA [3] . CT is useful in detecting early bony changes, including osteolysis and periprosthetic fracture. Large periarticular fluid collections and abscesses can also be seen on CT. Imaging acquisition methods to reduce orthopaedic hardware artifact include using high peak voltage (140 kVp), increasing milliampere seconds (300-450 mAs in adults), narrowing collimation, and using thin sections. Additional ways to reduce artifacts include using a standard or smooth reconstruction algorithm (soft tissue versus bone) and larger reconstruction section thickness.
Metal reduction MR imaging can reveal important periarticular soft-tissue pathology [1] . Metal artifact reduction techniques include using fast spin echo sequences with short echo spacing, small field of view, high-resolution matrix (256 and 512), thin section, and increased frequencyencoding gradient strength. Additional ways to reduce artifact include using lower magnetic field strength as well as positioning the long axis of the prosthesis parallel to the longitudinal axis of the static magnetic field. Short inversion time inversion recovery imaging is less susceptible to magnetic field inhomogeneity and provides more effective fat signal suppression than spectral fat saturation in the presence of orthopaedic hardware.
Early Complications
Dislocation or subluxation of hardware is among the most common complications after THA and can occur both early and late. Reported rates of dislocation range from 0.3%-10% after primary and 10%-28% after revision hip arthroplasty [4] . Most dislocations occur posteriorly, although anterior dislocations also occur. Risk factors for dislocation include trauma and poor muscle tone. Malposition has long been recognized as an important cause of dislocation. Acetabular component anteversion of 15 and abduction of 45 have been described to be associated with the lowest risk of dislocation, although these investigators suggest that there is not a safe range of position [5] . The type of surgical approach may also contribute to the rate of dislocation. For example, a posterolateral surgical approach is reportedly a greater risk factor than the modified lateral approach [6] . Most dislocations are detected in the immediate postoperative period with radiographs ( Figure 1A, B ).
Another early complication is malposition of the prosthesis, which is in the same spectrum as dislocation and subluxation, the difference being that, with malposition, the orthopaedic hardware was never initially placed in the appropriate position (ie, the femoral component never articulated with the acetabular component).
Postoperative hematoma is a well-known complication, with a reported incidence of 0%-10% [7] . This potentially devastating complication can result from anticoagulation use as well as a laceration or puncture of a major vessel in the surgical bed. Vessels that may be injured include the iliac and femoral vessels and the profunda femoris, obturator, and superior gluteal arteries. CT by using a nonecontrastenhanced technique is superior to radiographs in diagnosing hematoma (Figure 2A , B). Treatment of hematoma includes intraoperative control via ligation or electrocautery if a specific injured vessel is identified. In addition, applying manual pressure can help control bleeding. Rarely, the patient must return to surgery for evacuation of a postoperative hematoma; the reported incidence of such procedures is 0.24% [8] .
Thromboembolic disease, including both deep venous thrombosis and pulmonary embolus, represents the highest risk of perioperative mortality after THA, with the incidence reported to be between 8% and 70%. Perioperative mortality from pulmonary embolus has been reported to be 2%-3% [9] . Anticoagulation, compression stockings, and early ambulation remain standard therapy for everyone undergoing THA. Venogram is the criterion standard, although ultrasonography remains the mainstay for the diagnosis of acute deep venous thrombosis. Furthermore, CT is more often performed to assess for complications associated with THA, and deep venous thrombosis can be demonstrated as hypodensity within an enlarged vein during delayed-phase imaging ( Figure 3 ).
Stress shielding results from alterations in stress loading after THA and leads to decreased bone mass and osteoporosis in areas of decreased loading. Stress shielding is typically seen in the greater and lesser trochanters of the femur. Stress shielding is demonstrated on a radiograph as regional demineralization ( Figure 4 ). Stress shielding must be clinically differentiated from infection, and follow-up is important because of the associated risk of pathologic fracture.
Late Complications
Aseptic and mechanical loosening remains the second most common cause of morbidity and revision for patients after THA and accounts for up to 19.7% of all revision procedures [4] . Contributing factors to aseptic failure include wear of prosthetic components; poor initial stability of the implant; failure of fixation; and patient factors, such as increased age and weight. Improvements in implant design and surgical technique have led to a decreasing incidence of mechanical loosening, although the overall incidence of this complication is quite variable. Aseptic loosening is often clinically associated with patient pain and discomfort.
The radiographic criteria for diagnosing loosening include periprosthetic radiolucency that is new or >2 mm in diameter, regardless of whether the arthroplasty is cemented or cementless (Figures 5 and 6A) [10] . Additional radiographic signs of aseptic loosening include evidence of prosthesis movement, particularly varus orientation or component rotation, shedding of beads in cementless arthroplasties, and fracture of the cement [10] . The differential diagnosis for periprosthetic radiolucency includes infection and particle disease in addition to aseptic loosening. Radiolucent cement also may demonstrate periprosthetic radiolucency, and revision arthroplasties may have wider radiolucent zones than primary procedures. Thus, a diagnosis of aseptic loosening must be made in conjunction with a clinical history and serial radiographic studies to document change or progression of radiolucency. Although differentiation between aseptic loosening, infection, and particle disease is not always possible with radiography alone, aseptic loosening ( Figure 6A , B) tends to produce uniform radiolucency, whereas particle disease produces multifocal radiolucencies related to localized osteolysis. Infection can produce either of these patterns.
Infection has been reported to contribute to 14.8% of all revision THA, the third most common cause after instability and aseptic loosening [4] . Infection can occur during the early and late postoperative periods. Clinical signs and symptoms of fever, pain, and hip discharge and induration, and laboratory tests that included white blood cell counts and erythrocyte sedimentation rate are insensitive and nonspecific. On radiograph ( Figure 7A ) and CT, diffuse or multifocal osteolysis surrounding the prosthesis (>2 mm or progressive) raises concern for infection; however, this is not always present and can be seen in the setting of aseptic loosening and particle disease.
Soft-tissue abnormalities, including joint distension and fluid collection have been reported to be more reliable in diagnosing infection. CT has been shown to accurately detect these changes ( Figure 7B ). MR imaging is superior to radiograph and CT in evaluating the soft tissues around the hardware and in demonstrating early fluid collections ( Figure 7C , D). Arthrocentesis and synovial biopsy are invasive techniques and may be necessary to diagnose infection. Arthrography alone is usually not specific for the diagnosis but may suggest infection if there are irregularly marginated contrast filling bursae or cavities surrounding the hip [11] . Ultrasound may be useful to assess periarticular fluid collection and guide aspiration. Given the limited accuracy of diagnostic imaging and invasive nature of routine aspiration, a nuclear medicine scan can serve as an important complement and noninvasive method of evaluating infection [12] . The accuracy of combined leukocyte-marrow imaging of 90% is the highest among nuclear medicine studies. The labeling of inflammatory cells that migrate to the sites of infection is useful in detecting the neutrophil-mediated inflammatory process and can distinguish between the inflamed and the aseptically loosened prosthesis. Background bone marrow assessment is accomplished by using technetium-99m sulfur colloid. Because both labeled leukocytes and sulfur colloid accumulate in the bone marrow, but only labeled leukocytes accumulate in infection, activity on labeled leukocyte images without activity on the sulfur colloid images is accurate in diagnosing infection 90% or more of the time. Periprosthetic fracture is a rare complication, with an incidence of <1% after THA [4] . This fracture is typically related to loosening, stress shielding, or trauma ( Figure 5 ). The Vancouver classification system is often used to classify these fractures [13] . A type A fracture is located in the trochanteric region, a type B fracture is located about the stem or the tip of the stem, and a type C fracture is well distal to the tip of the stem. Treatment options for periprosthetic fractures include nonoperative management with protected weight bearing, revision arthroplasty, or internal fixation [14] . Treatment options depend on bone quality, patient age, limb alignment, fracture pattern, and stability of the implant.
Particle disease and histiocyte response results from macrophage reaction to various parts of the arthroplasty. This complication typically occurs between 1 and 5 years after initial surgery and is a major cause of periprosthetic radiolucency on postoperative radiographs ( Figure 8A ). Although particles from any of the components of the prosthesis can induce a histiocyte response, debris from polyethylene wear is most commonly responsible [15] . Radiographic signs of particle disease can be subtle and confused with infection and aseptic loosening. However, endosteal scalloping is more characteristic of particle disease. Particle disease is often better depicted on CT, with which the macroparticles within the joint may be seen ( Figure 8B, C) .
Metallosis/pseudotumour/aseptic lymphocyte-dominated vasculitis-associated lesions is another potential complication after THA. Second-generation metal-on-metal arthroplasty was introduced in the early 1990s to reduce the rate of THA failure associated with polyethylene wear. More recent clinical studies have implicated metal hypersensitivity as a mechanism of aseptic failure after these arthroplasties [16] . Serum levels of cobalt and chromium ions are substantially higher in individuals with THA than in individuals without THA. Released metal ions can activate the immune system by forming metal-protein complexes that can elicit hypersensitivity responses. Imaging can show periprosthetic osteolysis or pseudotumours associated with metal hypersensitivity wear ( Figure 9A-C) . On the histologic level, the process involves cobalt-chromium metallosis, tissue necrosis, and a predominant perivascular lymphoplasmacytic infiltrate [16] . Pseudotumour has been described as a rapidly growing lesion that resembles tumour, with extensive bone loss, neither infective nor neoplastic, caused by excessive wear debris in the vicinity of a THA. No clear consensus exists in defining the boundaries of the terms metallosis, aseptic lymphocyte-dominated vasculitisassociated lesions, and pseudotumours.
Heterotopic ossification has been reported to occur in up to 39% of patients after THA. Patients typically present with hip stiffness. Histologically primitive mesenchymal cells in the surrounding soft tissues are transformed into osteoblastic tissue, which then forms mature lamellar bone. Detectable calcific density can be seen on radiographs and CT within weeks after surgery, with ankylosis seen as early as 12 weeks after surgery [17] (Figure 10) . A 3-phase bone scan is the most sensitive imaging modality in the early phase of heterotopic ossification. The flow and blood-pool phase images can show increased tracer uptake approximately 2.5 weeks after injury, 1 week before a bone scan becomes positive, and 1-4 weeks before radiographic detection [18] .
The most widely accepted classification system of heterotopic ossification was postulated by Brooker et al [19] and is classified into 4 grades. Grade I heterotopic ossification represents islands of bone within soft tissues around the hip; grade II includes bone spurs that arise from the pelvis or the proximal end of the femur, leaving 1 cm between opposing bone surfaces; grade III is similar to grade II except that the distance is <1 cm; and grade IV represents radiographic ankylosis. Early treatment typically consists of either radiotherapy or the use of nonsteroidal anti-inflammatory medication, whereas more advanced heterotopic ossification may necessitate surgical resection [20] .
Pseudobursa formation, which typically can be detected by arthrography or cross-sectional imaging, represents irregular recesses that communicate with the joint (Figure 11A-D) . This finding can be noted incidentally and may or may not be associated with infection. Arthrocentesis may be performed to rule out infection, although more subtle findings that may indicate infection include irregular pseudobursa walls, osteolysis, and sinus tracts. Correlation with clinical presentation is a requirement. Uninfected pseudobursa may be treated with either steroid or anesthetic injections.
Conclusion
The combination of radiographic and advanced imaging techniques allows for accurate interpretation of complications associated with hip arthroplasty. Although radiographs remain essential in initial evaluation of the postoperative Figure 10 . Heterotopic ossification. A 45-year-old man, who presented >2 years after total hip arthroplasty with restricted range of motion. Anteriorposterior radiograph, showing severe heterotopic ossification nearly bridging the right greater trochanter and the acetabulum (arrow). Figure 9 . Metallosis/pseudotumour/aseptic lymphocyte-dominated vasculitis-associated lesions. A 68-year-old woman with a history of right metal-onmetal hip arthroplasty presented with right leg pain and swelling. A radiograph was unrevealing (not shown). Her blood cobalt level was markedly elevated, at 42 ng/mL (reference range, 0.0-0.9 ng/mL) and chromium at 14 ng/mL (reference value, <0.3 ng/mL). She had no fever or leukocytosis. Coronal (A) and axial (B, C) computed tomography images, showing a large heterogeneous density mass extending in the right iliopsoas and right thigh muscles with internal foci of radiodensities (arrows). In addition, thrombus is identified within the right iliofemoral vein (arrowhead). Pathologic analysis showed extensive fibrohistiocytic reaction with foreign material consistent with metallosis. Soft tissue and bone necrosis is present. No malignancy was seen. patient, arthrography, ultrasound, and nuclear medicine can provide complement in assessing periarticular fluid collections and infection. CT can better demonstrate osteolysis, fracture, abscess, and hematoma. MR imaging is useful in evaluating soft-tissue abnormalities.
MRI Made Easy is an introductory textbook that aims to provide a basic overview of the fundamentals that pertain to this imaging modality. This is the second edition of the text, the first of which was published in 2007. The first edition was well received by medical students and junior residents because it provided a palatable jumping point for conquering the modality as a whole. The second edition has now expanded to include recently developed sectors of MRI, including the following: 3-Tesla magnetic resonance imaging (MRI), susceptibility weighted imaging, magnetic resonance (MR) enterography, and MR urography. Furthermore, previous chapters on clinical applications of sequences have been revised to now include rationales for their usage, a significant improvement from the first edition, which simply listed their applications. This second edition, therefore, hopes to expand upon its predecessor while maintaining simplicity for its target audience.
This book contains 21 chapters, with a total of 208 pages, and it is divided into 2 sections. The first section, of 12 chapters, outlines basic principles, scanning parameters, accessory techniques, system instrumentation, sequences, artifacts, and basic interpretation principles. The second section delves into higher applications of MRI, such as 3-Tesla MRI, MR angiography, diffusion, perfusion, spectroscopy, cardiac imaging, cholangiopancreatography, and other miscellaneous applications.
MRI Made Easy, although brief, is well written and uses images and diagrams in an effective manner. The MRIs are of good quality, with well-written captions to help guide a beginner through the findings. Furthermore, the author has provided numerous summary charts throughout the text that are well constructed and act as valuable learning tools. The first section, which introduces the reader to MR theory and basic principles, is particularly useful for those with little to no exposure to MRI. The author is commended on his ability to simplify material and present it in an easy-to-digest manner. As expected from such a brief textbook, the diagnostic findings and pathologies outlined in the second half of the book are superficial and somewhat limited. Nevertheless, the author was successful in scratching the surface of the vast majority of pertinent topics while producing a textbook that can be read with ease in an afternoon.
Furthermore, this textbook has been made in a useful size and could easily fit in one's pocket or white coat, a near necessity for the current-day student. Finally, the textbook contains a CD-ROM, which provides the reader with an online version of the images found in the book. Although this may be of use to some readers, the fact that no supplementary images were provided was a disappointing discovery. Given the relatively limited focus on MRI anatomy in this textbook, future editions may consider adding this content to the CD-ROM. This CD-ROM also was found to be solely compatible with Windows Operating Systems (Microsoft Corp, Redmond, WA), thus limiting its universal utility.
MRI Made Easy certainly lives up to its expectation and is particularly useful for medical students or junior residents outside of diagnostic radiology. Given the superficial coverage of specific diagnostic findings and pathology, it would likely be of limited use to radiology trainees or radiologists. That being said, this textbook undoubtedly has a useful role in early medical education.
There are a number of similar textbooks that provide a basic approach to MRI. Two of the most positively reviewed textbooks include MRI: The Basics by Hashemi et al.
(Lippincott Williams & Wilkins, Philadelphia, PA, 2010) and MRI: Basic Principles and Applications by Brown et al (Wiley-Blackwell, Hoboken, NJ, 2010). Both textbooks, however, are more costly and do not cover the same breadth of topics. Given the price of $44.00, MRI Made Easy should be considered by any medical student who wishes to expand his or her knowledge base.
This textbook, although superficial, provides a strong knowledge base for those with little to no MRI exposure. Given that it is well written, uses many images and tables as learning aides, and adequately expands upon its successful first edition, this textbook will likely prove to be widely read. 
